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Comparative Toxicities of Different
Forms of Asbestos on Rat Pleural

Mesothelial Cells

by M. C. Jaurand,* |. Bastie-Sigeac,* A. Renier*

and J. Bighon*

The effects of UICC crocidolite and chrysatile A, ¢ither oxalic acid-leached or unleached, on the via-
bility, morphology and growth characteristics of rat pleural mesathelial eells (PMC) were examined;
DQ12 quartz particies were also used,

When uashestos fibers were added for 48 hr at the beginning of exponential growth, 26 or 50 pgf
mL of chrysotile fibers were cytotoxic and no growih oceurred; with 5 or 10 ug/mL a latent period
was observed, and the mean populaton doubling {ime was increased. Chrysotife ingestion was associ-
ated with morphological changes (spreading, intense vacuolation); moreover, a large proportion of the
cells was binucleated (more than 30% with 10 ugimL). The oxalte acid-leached chrysotile inhibited
growth at a concentration of 50 ug/mL; with 5 or 10 pg/mL, no spreading sceurred, but a shrinkage of
some cells was observed. A few large vacuoles were seen in the cytoplasm of the cells; there were
fewer binucleated cells. Addition of 5 or 10 ug/mL of crocidalite, either leached or unleached, did not
significantly change the growih rate, in spite of the presence of a large number of fibers inside the
ceils which persisted when the cells reached confluency. With 20 or 50 ug/mL, the mean population
doubling time was tncreased in a dose-dependent manner. A slight vacuaotation of the cells occurred.
The sample of gquariz did not modify the parameters sindied in this report,

The results confirm the different in vifro reactivities of the two kinds of unicached asbestos fibers.
Leaching of chrysotile fibers decreased their reactivity; alternatively, leaching of crocidalite in-

creased the effects on PMC,

Introduction

When crocidolite or chrysofile fibers are injected
into the pleural cavity of rats, they both induce meso-
thelioma (7). However, when tested with in vitro
systems, these fibers give different responses (2). In
these in wilre experiments, the cells used did not
come from the pleura. The aim of the work reported
here was to study the in vitre effects of asbestos
fibers on the morphology and growth characteristics
of rat pleural mesothelial cells in short-term experi-
ments.

Since acid-leached chrysotile fibers have been
found to be nontumorigenic (3, 4), leached chrysotile
and leached crocidolite were also tested. In order to
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compare the results with the activity of noncarcino
genic particles, a sample of quartz was also used.

Material and Methods

Asbestos Fibers and Control Particles

The ashestos fibers were obtained from the
VICC. Chrysotile A and crocidolite were used.
Chrysetile and crocidolite were leached with 0.1 N
oxalic acid {5). DQ12 quartz from Dérentrup was
chosen as a control. The particles were dispersed
by sonication in the culture medium 50 kHz, 20 W,
5 min.)

The size parameters of the samples were deter-
mined by electron microscopy as described else-
where (). The leached chrysotile had a slightly
higher mean diameter than the unleached samples
(0.091 and 0.082 ymj and a lower mean length (1.8
and 3.1 ym).
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Tahle 1. Percentage of binucieated PMC 72 hr after coniact with the particles.

6-8-12 passages, 11-14.15 passages,

8-9-10-13 passages,

6- 8- 18 passages, 17- 10 passages,

Concentration chrysotile (Ch)? leached Ch® erocidolite (Cr)? leached Cr? quartz
Control 1.7+0.38 1.1x1.6 1.7x08 1.8+14 0.2+03
5 wm/mL® 20.3202° 8.2+0.8 22:09 3431 131415
10 ppimL 373+25" 12.7 4.5 43«12 82+1.2% 0608
20 ug/mL nd¢ 19.8 +5.3" 75x0.4 13813 0608
50 ugimL nd® 19.3 4.0 16.5+ 10.0¢ 259+ 26 22+31

2 For each treaiment different cell strains were used

> When expressed as pglem” the concentrations were from 1 to 10 pglem®

¢ngd = not determined.
Tp<0.l.
Tp <05

Rat Pleural Mesothelial Cells (PMC)

PMC were cultured as described elsewhere (6).
The cells were used between the 6th and 17th
passage. The PMC came from six different rats,

Morphological Studies

PMC morphology was observed by use of phase-
eontrast microscopy and electron microscopy as de-
seribed by Jaurand et al. (?\

Growth Analysis

The growth eurve analysis was performed as de-
seribed elsewhere (7). Briefly, PMC were plated at
5 x 10° cells per flask, and 24 hr after plating the
particles were added to the culture medium for 48
hr. The difference between the number of treated
and untreated ceils was assessed by the F test.
The experiments were carried out in triplicate or
gquadruplicate for each particle type.

The percentage of mitosis or of binueleated cells,
following either 48 hr or 72 hr of ineubation with
the particles, was determined. The difference
between the percentage observed in treated and
untreated cells was assessed by the ¢ test.

Resuits and Discussion
Morphological Studies

The results describing the effects of chrysotile
and crocidolite fibers have been reported elsewhere
{?7). Chrysolite-treated PMC had numerous vacuoles;
there was an increase in the cell volume, and a large
proportion of binucleated cells appeared (Table 1).
Crocidolite fibers did not induce such morphological
changes exeept at the highest concentration (50
ug/mL), but these effects were less than with 5 pg/
mL)} of chrysotile fibers.

PMC treated with acidleached chrysotile also
showed a vacuolation of the cytoplasm but the vae-

uoles were less numerous and generally larger
than with unleached chrysotile (Fig. 1). Shrinkage
of the cells was sometimes observed. After T2hr
contaet with acid-leached fibers, some binucleated
cells were observed, but their percentage was less
than with the untreated chrysotile {Tahle 1), The
difference between the number of binucleated cells
in treated and untreated cultures was significant
with 10 pg/ml. of leached ehrysotile fibers. With
the unleached fibers, it was significant with 5
pg/mb; moreover, it was twice the percentage
ohserved in the leached chrysotile-treated culture.
Thus, the effect of leached fibers was less than the
effect of the unleached.

Very few vacuoles were seen in the cultures
treated with leached crocidolite (Fig. 2). Eleetron
microscopy revealed the presence of intracellular
fibers (Fig. 3). The number of binucleated cells was
less than in the cultures treated with either
leached or unleached chrysotile (Table 1). However,
the leached sample of erocidolite had more effect
on PMC than the unleached sample, since 10 ug/ml,
induced a significant inerease in the proportion of
binucleated cells as compared to the control
cultures. Treatment with 50 ug/ml of crocidolite
fibers was necessary to obtain a significant in-
crease of this parameter.

The particles of quartz did not modify the mor-
phology of the culture (Fig. 4), in spite of the pres-
ence of intraphagosomal particles {Fig. 5).

When the proportion of binucleated PMC was ex-
amined, a differential effect of leaching was ob-
served as the proportion of binucleated cells de-
creased with leaching of chrysotile and increased
with leaching of crocidolite.

Table 2 shows that there was no effect, due to
the treatment with the particles, on the percentage
of mitosis determined 48 hr after their addition.
However, during this time, the cells were in contact
with the particles. This result means that in the five
groups of treated PMC there was no inhibition of
passage to the M phase and that the toxicity may
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Ficure 1. Phase contrast microscopy of PMC in culture
(x 500); 24 hr following trypsination, PMC were treated
with (a) chrysotile, 10 ug/mL, or {4} leached chrysotile, 50 ug/
mL for 48 hr.

(

FiGURE 2. Phase contrast microscopy of PMC in culture
{x 3101 {a) PMC at the 8th passage treated with 20 pg/
mL of leached crocidolite for 48 hr; (5} control culture.
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FIGURE 3. Electron microscopy of PMC at the 17th passage
treated with 10 ug/mL of leached crocidolite fibers for 48 hr
(x 9000}

FiGure 4. Phase contrast microscopy of PMC at the 20th ﬁas~

sage treated with 10 ug/mL of DQ12 for 48 hr ( x 310).

FiGUure 5. Electron microscopy of PMC at the 4th passage
treated at confluency with 5 ug/mL of DQI12 for 48 hr
(x 55000}

not be dependent on the phase of the cell cyele. Our
previous results (?) have shown that the phases of
cell mitosis can be observed in chrysotile-treated
PMC. The presence of binucleated PMC may result
from an inhibition of cell division or from a fusion of
the PMC; however, no indication of fusion between
PMC was observed. When mitosis occurred in a
chrysotile-treated culture, the cells adhered and
spread on the plastic at the end of telophase, rather
than before the beginning of mitosis. An incomplete
synthesis of the plasma membrane may, therefore,
result in a binucleated cell.

Growth Analysis

The results concerning the mean population dou-
bling time & are expressed in Table 3. DQ12 quartz
had no significant effect on the value of 6. Leached
crocidolite and chrysotile, either leached or un-
leached, were cytotoxic, but the concentration
needed to prevent growth depended on the nature
of the fibers. Unleached crocidolite had some effect
if added at the highest concentration (50 pg/mL).
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Table 2. Percentage of cells in mitosis after 48 hr of contact with the particles.

6-8-12 passages, 11-14 - 15 passages,

8-9-10-13 passages,

6-8-16 passages, 10-11-17 passages,

Concentration chrysotile (Ch)* leached Ch® crocidolite (Cr)? leached Cr* quartz®
Control 1403 2007 1403 0.6 0.6 1.8+0.7
5 ugimL 1606 1.3+0.5 0.7+£0.2 1.7+0.3 0.8+03
10 pg/mL 1.6 +0.8 1.2x+0.8 1.0+0.1 1L.7T+03 2.3+24
20 ug/mL nd 09+02 21x02 1.5+07 02+03
50 ug/mL nd 0.7+08 1.0+£03 14+1.2 10=x14

4 For each treatment, different cell strains were used.

Table 3. Mean population doubling time in hours of PMC incubated for 48 hr with the particles.

6-8-12-14 passages  11-14-15 passages

9-10-8-13 passages

6-9-16 passages 10-11- 17 passages

Concentration chrysotile (Ch)? leached Ch? crocidolite (Cr)2 leached Cr? quartz?®
Control 207 +4.1 32.3+55 296+38 463+ 9.3 43.0 5.0
5 pugimL 33.2+113 368.0+4.4 31.8+4.3 4932 8.1 42,7 £89
10 pg/mL 42,7 + 20.9 426 + 6.0 328+34 50.7+11.9 46.3+7.2
20 ug/mL oo 87.0£15.6 356.5£5.8 74+ 33 49.0+10.5
50 pgimL <0 273 £249 90.7 + 5.1 o 50.5 +14.7
or<0
2 For each treatment, different cell strains were used.
s x106 cells
41x10%cells 4
34
2=
4
®
14
'
®
0.5
48 @ ° 144 hi ' a8 ﬁ{b] 06 ' 144 br

Ficure 6. Growth curves of one strain of PMC treated with {a) leached-chrysotile or () leached-crocidolite: {L1) control culture;

(®)5 pg/mL: (O 10 ugimlLy; (&) 20 pgimL: (A) 50 ug/mL.

The growth curves showed that a lag time oc-
curred with the chrysotile-treated cultures but this
was not observed with leached-chrysotile or with
crocidolite, either leached or unleached (Fig. 6).

It is known that the number of cells N during the
exponential growth is

N = N,2¢% (1)
where N is the number of PMC at the beginning of
growth, ¢ the time and 8 the population doubling
time. Then the derivative of Eq. (1) may be written

dN/dt = 1/8(N log 2) (2)

When the particles are introduced into the medium,

an inhibition ean occur; it may be proportional to a

power () of the particle concentration ¢, and it
causes a decrease in the number of PMC:

dNldt = kNex 3

where [ is a constant, Then, the variation in the num-
ber of PMC will be

dNidt = N(1/8log 2 — kex) (4)
If 8" is the mean population doubling time in the
presence of the particles, the variation of & with ¢
can be written

&' = ablla- c*) (5)

In this relationship, when ¢ — 0, then 8 > 6; and
when ¢x— g, 8" — =, From the value a it is possible to
deduce al’z, which is the value of the concentration at
which no growth occurs (ej;p,).

From the values reported in Table 3, the calcula-
tion gives the values of ¢, expressed in Table 4.
When the particles are compared by weight, the
toxiecity will increase in the order Cr < LCr < LCh
< Ch, where Cr, Ch are crocidolite and chrysolite,
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Table 4. Calculated values of the concentration
where no growth occurred.

Treatment Clim» Hg/mML
Chrysotile 22.6
Leached Ch 28.8
Crocidolite 237
Leached Cr 51

respectively, and LCr and LCh are the respective
leached fibers. :

Qur results are in good agreement with previou
data reported by Neugut et al. (8} and Reiss et al.
(9) using chrysotile and amphiboles on various cell
lines. These authors found a higher toxicity of
chrysotile than of crocidolite. It seems that
proliferative epithelioid cell lines react to asbestos
treatment by somewhat similar responses, possibly
related to the amount of particles ingested. Reiss
et al. (9) found that the toxicity of the leached
samples of amphiboles increased, whereas that of
chrysotile decreased with leaching. A similar result
is reported here. It is not known if the batch of
leached chrysotile used for the PMC treatment was
carcinogenic. However, other leached samples did
not induce mesothelioma (3, 4), suggesting that this
cytotoxicity was not related to the probability of
causing mesothelioma.

There were some differences in the size of the fi-
ber samples, as determined by electron microscopic
and optical measurements, and the repartition of
the number of fibers with size is different from one
sample to another one. The results may have to be
reconsidered taking this observation into con-
sideraticn.

Another way to compare the effects of the sam-
ples used in this study was to determine the time,
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FIGure 7. Level at which the number of treated cells was
lower than that of the untreated cells in all of the cell
strains used to determine the growth rate {see Table 3).
For example, with chrysotile fibers, the difference was sig-
nificant following 24 hr of incubation with a concentration
equal to or higher than 20 pg/mL, or following 48 hr with a
concentration equal to or higher than 5 pg/mL.

for a given concentration, where the value of F,
which measures the difference between the number
of PMC, in treated cultures and the number of PMC
in the control culture is such that p < 0.5. For each
treatment, the F' test was applied every day, and
the results are expressed in Figure 7. It can be seen
that chrysotile and leached crocidolite were both ef-
fective at a concentration of 5 ug/mL, but the time
necessary to observe a significant effeet was longer
with leached crocidolite than with chrysotile. This
may be due to similar “toxic power” of the samples
and to a different sensitivity of the mesothelial cells
(expressed by the lag time and possibly related to
the intensity of phagocytosis). With the leached
samples, no significant effect was observed after 24
hr of contact with the fibers, and with 10 ug/mL, the
relationship was Cr < LL.Ch < LCr < Ch.

When considering the effects on growing cells,
the comparison between different varieties of fibers
must be made carefully, since an effect may be re-
versed due to the form of the dose-effect relation-
ship.
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